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SUMMARY

Germeny 1s one of the few countries in the world that has complete,
accurate, and detailed geodetic and topographic.surveys of the mejor paft
of its area. The program of unification and coordination of surveying and
cartography initiated in 1935, however, created several serious problems
for German geodetic and cartographic agencies. Most of the Germen states
except Bavaria and Wirttemberg had adopted the Bessel ellipsoid. Polyhe-
dric projections with degrees of longltude measured from Ferro (Canary Is-
lands) were used on many of the older, large-scale maps. The large-scale
meps of Bavaria and Wirttemberg and the cadastral meps of meny north Ger-
man states and provinces, howesver, were éompiled on the Soldner and Soldner-
Cassini grids; and Bavarla used the Bomne projection., In the recent unifi-
cation program, the Gauss-Krliger projection was inproduced. All large- and
medium-scale ﬁaps published since the beginning of World War II have a geo-
graphic grid based on the Gauss-Krlger projection superimposed on them.

The Gauss-Krliger projection has been developed in three-degree bands by
the Reichsamt flir Landesaufnahme and in six-degree bands by the General

Staff of the Army.

Although Germany is coversd by a number of dense and accurate
triangulation nets, they were poorly integrated because they were
gurveyed at different times and by different states. By 1938, sev-
eral nets had been resurveyed, and other areas were scheduled for
resurveying. In some areas, where differences betwsen nets were not
too great, adjustments had been computed. The outbreak of the war

slowed down surveying, but along the Westwall Germany attempted to

NOTE: The Intelligence Organization of the Department of State and the
Office of Naval Intelligence have concurred in the report; the
Intelligence Division of the Bepartment of the Army and the Alr
Intelligence Division, Directorate of Intelligence, Department
of the Air Force, had no comment.
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complete new, accurate trianguletion nete; and betwoen 1939 end 19L1,
first-order triangulations of Mecklenburg, Wirttemberg, Baverie, west-
ern Austriea, end southern East Prussia were completed or continuecd.

Before the war, Germeny had started to connect ite trlangula<
tion net with those of adjoining countries, but the Gormen not dife
fered considerably from those of France end Poland. After these
countrles were conguered, their neté wore adjusted to the Germen net
even though comparetively lerge Junction ’differences ixad to be &b
sorbed. The first-order connection of the Gorman-Belglen nets wes
completad; as were also the Gormen-Polish nets with the oxception of
‘the Werthe not. | |

The level net wes renewed éontinuous.ly because of deterlora-
tion due to glight ehifts or loss of bench marks. At the outbroask
of war, approximate]_.y one~third of Germeny had been covered dy new

. first-order end emell perts by & second-order level net. An older

first-order level net covered all Germany. Although meny of the old
merkers have been lost, a number remein end sre accurate withiﬁ a
few millimeters.

Until 1941 hydrogrephic surveys along the Germen coast were
continued by the Doutsche Scowarte , the leveling being done by the
Relchsamt fir Lendesaufnahme. Tho resulte of these survoys, however,

mey have been lost,

! v
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Germany is the classic exanple of a country that hds complete,
accurate, and modern horizontal and’ vertical control surveys of -the major
part of its area, However, technital advances in road construction, min-
ing operations, land redistribution, and military sclencé require surveys
of increasingly higher degrees of accuracy. In the'péét, the planning and
execution of a comprehensivé program for the production of large-scale iaps
were hampered by the existence of numerous small survey districts whose
activities were not co-ordinated., To remedy-this s$ituation, Germany
inaugurated in 1935 an éxtensive surveying program to provide a uniform
basis for large-scale topograpﬁic maps, This paper, which outlines the
status of this program at the time hostilities ceased, has been revised

to include immediate postwar developments.l

I. DIMENSIONS CF THE BARTH, AND GREOGRAPHIC GRIDS

Oné of the basic difficulties in the unification of German cart-
ographic work is the use by %ariousvstates éf different dimensions for
the "geoid" of earth ellipsoid, Since the smaller state cartographic
agencies were Elthbr absorbed by the Relchsamt fur Landesaufnahme or
followed its lead, only the three assumptlons that are discussed in the
following paragxaph remain to be con51deved |

The WUrttembcrg map progoctlon was based on the GlllpbOld of the
Wurttemberglan astronomer Bohnenberge The Bavarlan projections were
based on a sphere w1th a radius of 6,388,172 meters, The dimensions of
this sphere were determined from the Laplacian spheroid, which has an
equatorial cireumference of 40,000,000 meters and a curvature at the

latitude of Bavaria that is almost ldentical with -the Bava#ian reference

1, Unpublished report by Captain Spencer D, Smith, in charge, Land
Survey Office, Bamberg, Germany, September 15, 1947,
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sphere, Prﬁssia and all the stagés‘following its lead zdopted the
dimensions determined by Bessel who, in 1841, computed.the polar radius
6,356,078.§63 meters and the equatorial radius 6,377,397.155 meters.t .
On some airway maps there are notes stating that a "normal' radius of
6,370,000 6,382,750;_or even 6,395,@00 meters has been used,
Ey 1924, a}l Gérman states, most of which had previocusly used
Ferro, had adopted Greenwich as the prime meridian, On their surveys,
Prussia and'Bavaria calculated that Gregnwich was 17° 39! 57,5" east of
Ferro and suﬁtfacted 170 407, Since German topographic maps are bounded
by meridiéns apa parallels, the subtraction of 17° 40! made it possible
to retain the old borders without chonge, For example, 20° 50! E of
Ferro becane 30 10" E of Greenwich, Only for Baden did the sheet borders
have to be changed, These changes were madé during tﬁe'war. vThe margin
of error introduced was less than 0.5 m,, even on the 1:100,000 map.,
Badgn and Wﬁrttemberg relicd on the Wﬁrttemberg Ubservatory at T&bingen
in cstablishing their latitude and longitude. Owing to a mistake in cai¢
culating the latitude and longitude of Tﬁbingen and to a slight torsion
in the established prime meridian, these two states could not easily
adjust the established geographic grids to the accepted Greenwich-equator
system, Baden, whic¢h' had based its pfime meridian on the now demolished
observatory at Munnheim, discovered an eadtward deviation from the true
north of 10,7914" along this meridian nérth of Mannheim, The amouﬁt of

s | s al N o
deviation along the wdrttemborg meridian based on Tubingen is not known,

1. The internationally accepted dimensions arc those of Hayfo?d = for
the polar radius 6,356,911,946 meters and for the equatorizl radius
6,378,388,000 meters, In Germany these dimensions are used as
reference only for leveling connections with Baltic countries, Figures
for the Bessel ellipsoid are givef,in German legal meters, whercas
those for Hayford are in international meters, 1 legal meter =
1.000,013,355 international meters,
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When the borders of the Buden and Wurttemberg surveys were compared a
dlfferencg of 4.32" in latitude and 2, 58" ;n Tongitude became apparent.

On the ground, this error amounted to betweeﬁ~135 and 11 metefsvin latitude
and between 35 and 4O meters in longitude, respectively, Thé wﬁrttemberg
and Bavarian nets, however, were‘adjusted satisfactorily, icaving a mean
error of two to three meters, The differcnce betWeen the Prussiaﬁ and

Baden nets was 9,1" in latitude or 280 meters on the ground,

P

I1. PROJECTIONS
In projeqtions differences between states werc even more cbnmlicated

because a‘singlc state mignx use a variety of projections, dgpending on the
scales of the maps produced, wﬂrttemberg and Bavaria used the Cassini-
Soldner projection and c&—grdinates for their large-scale maps at 1:2,500
and 1:5?OQO. Thisuprojection virtually shifts the poles and equator of
the'sphere in such a way that the primc meridian and equator intersect

/'at the centervof'aﬁ area surv&yed; Thisvmeans that if a l-degree area is
projected as a Quadrangle, the distortion is reduced to a minimum. The
2ero of the co-ordinate system for Wurttembcrg is the observatovy in
Tublngen, and for Bavaria the cowordinate zero is the northern tower of the
Liebfrauen Kirche in Munich.

Originally the Prussian topographic map at the scale of 1:25,000

(Messtischblatt) was drawn according to the Prussian polyhedric .projection.
Thié projection disregards the curvature of the carth, and .considers each
part of’the sphere‘as a plane bordered by two successiye Ferro meridians
and two successive parallels, Length, area, and angles are absolutely -
correct at the corners of each of the isosccles trapezoids so formed and

the error at the center is 1nsxgn1f1cant The Bavarian map set at 1:25,000,

on the other hand, was drawn in tWO forms; o topographic map (Gradabteilungs-

blatt) on the Pruésian.polyhedric projection with Bessel'!s roference

spheroid, and a location sheet (Positionsblatt) on the Soldner polyhedric -

projection bordered by parallels and meridians., Recently the latter have -

ESTRICTED
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been made on the uauss~Kruger projec tion, using.the same sheet llnos as

the Prussian Mosstlschblatter,- The prime meridian. adopted by Bavarla in.

the Soldneriéystem was 2% 161 08,8" egét‘of Fefro;-‘Bavarian 1at;pudes
also havé had to be adjusted by addirig 02,6" - owing to the use of |
independent_astronomic locations, Bonne's prgjcction with Soldner!s 4i”,
referencc grld is used for the maps of the Bavarian Topographic Atlas
at 1:50,000, . The standard parallﬁl 13 hS N ¢ nd meridian is that of
the old Munich Obscrvatoxy, whloh has now begn demollshed o |

Polyhedrlc progectlona were uscd also on tzc B&dcn and h6831an _
1: 25 OOO maps. - Because paralLela are drawn as Strulﬁht lines on all
polyhedrlc progcctlons, instead of belnb sllghtlJ curVLd ‘there is an
1n51gnif1cant error along the middle line of the maps, The greatest d1f~
‘ference betveon the lengths of the chord on the l 25 000 m&p dnd the arc
ofﬂthe @ruelpaballcl is 0,13 mm., or 3,2 m, on the ground, and on the N
1“100 000 map 0,3 mm,, or 29 m, on the gfound‘ ffeséverforé lie within ;
the mnrgin of uncontrollable error 1n map productlon. ‘ ’ |

About 1928 the Reichsamt fur Landusauinahme adopted the pollcy of
superihposing on all German topomraphlc mmns a plane cc~ord1nate grld v
derlved from.the Gauss prOJectlml, a technlquo ougbbstod by the use of
'the Lambert grld by the French, Krdger was adltor of Gauss' papers after
his death, .and complntbd 1nd 1mpllfled some oi tne Gauss conputatlons. 

The Gauss—Kruger nrogcctlon, from m‘lch thc co~ord1nztes of the same
name. are taken, is a modlflcd transversc Me;cator progectlon adgustcd to
the spheroid, The pPOJectlon cyﬂlnder 1s tanéant to the spher01d along
3 merldian, whlch therefore, ll;b.the eqpator 1n tne mercator progectlon'
has no scale crror.: In order to kcep the dlstortlan w1th1n small llmlts,
the exten51on of the proaectlon to the east and hest of thls c@ntral
meridian is ljn¢tcd to lO 30' on, Gcrﬁdﬁinon-mllltary mzps. ihus, irom

east to west new cylinders are used as progectlor surf$ces at progre851vc

Antervals of 3 degrees of longltude. This results in a series of narrow
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strips or bands., The ordinates of the Gauss—Krhger projection are not

meridians but small circieé parallel to the central meridian., The

abscissas are not parallels of latitudq, but great circles perpendicular

to the principal meridian. All grid lines appear as straight lines,

distances can be neasured easily, and angles are conformal,. The projection
. is not equal area, but the distortions are too small to be measurable if

the band is sufficiently narrow, The main disadvantage is that true north

is coincident with co-ordinate north only along the centralvmeridian.

“In February 1942, the drmy adopted @he Russian system of 6 degree

meridian bands for its maps, This difference in width of projection bands

distinguishes the army grid (Deutsches Hecresgitier, DHG) from the grid of

the Reichsamt fur Landesaufnahme (Deutsches Reichsgitter, DRG).

The distortions are, of course, more pronounced on the military
grid than on the Reichsamt grid, The following tabulation, computed for

549 N, shows the cbmparative distortions at the edges of the meridian bands:

DRG DHG
(3° Dbands) (6° bands)
Measured Distance * 1 km, 10 k. lim, © - 10 km,"
N-S distortion 0,11 m, 1.25m, 0445 m, 476 m,
E-W distortioﬁ 0.2 m, : 2,4 m, 0.5 m," L8 m,

The Gauss—KrEger co~ordinate grid divides the map into squareévwhose
sides vary in length according to the scale of the map, The relationship

between the size 'of the squares and the scale of the map 1is giﬁen below:

Scale: ’ Size of Square Size of Square
(In cm,) {In ¥m,)
1:25,000 1
and o : 4,000
1:50,000 2
1:100,000 . 5
"~ and : © 5,00 - ' '
1:200,000 10
1:300,000 3.33 10
IRESTRICTED
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The co~ordinates are sc numbered that the meridian 6° is marked 2,500,000 m,;
that of 9° is 3,500,000; that of 12°1is 4,500,000, and so on, Betwoon these

principal meridians, measurements are made in meters which, as Germany is

east of Greenwich, are designated as Rechtswert or rechts (to the right),

Latitude is measured as the true length in metérs from the equator and is

called Hochwert or hoch (high). The fdllowing tabulation gives a comparison

of the DRG and DHG numbering systems:

DRG DHG
Ex 1,500,000 m, 1,500,000 m,
¢ 2,500,000 m, -
$ 3,500,000 m, 2,500,000 m,

12 4,500,000 m, o

15 5,500,000 m. 3,500,000 .

The Germans used two types of reference grids.‘ The Army grid

. . . N
(Heeresmeldnetz), used for tactical purposes, was based on the Gauss-Kruger

projection vath 6 degree bands (DHG). The geographical rcfereﬁce grid,
(Gradneldnetz), used for operational purposes (especially by the Air Force),
was based on parallels and meridians,

The 1:1,000,000 map of the world was drawn on a modified polyconlc
projection with straight meridians. On eqch sheet, the meridians 1 degree
wes£ and 1 degree cast of the central meridion are true in length,

The Afmy surﬁcyors have used the Gaus;—Krﬁger grid with 6° bands
exclusively in recenﬁ years, The Navy has always used the Mercator projec-
tion for its maps; no ekception is known, There is ﬁb indication that the
Navy will follow thc lead of the Army. Obviously, in order to take advantage
of rhumb lines in air navigation, most of the general maps used by the Air
Forces arc drawn on the Mercator projection, On these maps, the scalc is
correct for one of the threec parallels 70° N., 51° N., or 23° N,, depending -
on the area covered, Occasionally other projections are used, including the

gnomonic with an oblique axis and the center of reference at latitude 50N
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but at different longitudes, the stereographic,>and the azimuthal with

various centers (Table 1), MAps‘én a larger scale were plaﬁnéa;'but'nothing
is known about prOjectioh selected, In the meantime, the air force has used
an adaptation of the old Vogel map at 1:500,000 on the Bonne projection, or

the general map. at 1:300,000 (see above),

III, TRIANGULATION

A, Triangulation beforc 1938

Germany was covered by a dense network of triangulation points, but
the observations were made at different times and with various degrees of
aceuracy. Those areas for which the coverage was considered unsatisfactory

were either resurveyed or were scheduled for new trianguiation., In some
states, such as Meéklenburg, the»triangulation had to be repeated since the
original values could not be adjusted to the general system,

d The resurveying of the firsteorder.nct>wﬁs begun in 1936 and was
scheduled for completion_in 1942, Dliost of thq‘second~order nets completed
gince 1900 could be converted to the new datum.,.only a small amount cf
secondf and third-order work was required alorg the lecklenburg-~Prussia,
Saxony;Prussia, Bavaria-Prussia, and Banria—Austrid boundaries, Some of

thé third-orde: wo?k in Bavaria and Wﬁrttemberg woﬁld norm&ily'have required
two to threc years,.and the triangulation of Germony within its prewar
boundaries could have been completed by 1945 if the war had not intervened,
Figure 1, though dated in 1938, actually gives data for 1935, By 1938, the
new triaﬁgulation of Mecklenburg, Wﬁfttemburg, and Bavaria was nearing
compleiion:

d In Germany the qccuﬁacy of tpi&ngulation usually was established by
plotting all values of a éi;én §giﬁt.as du£ermined by the various observa-
tions, If theée values f?ll within‘an ellipse whose major axis did not
exceed 0,30 m, in length, the triangulation was regarded as sufficiently

accurate, The pertinent figures for triangulation of first order are:

RESTRICTED
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(1) The average length of half of the major axis of the ellipse is "
A i 0.04 m,, the maximum error should not exceed thrce times the absclute
mean; (2) the mean deviation from the adjusted direction is 4 0.2" computed
for a mean dlstance of 4O km., and the maximun doviation is in accord with
the newer first order (4 0.1'5’I| to + 0,20"); (3) the accuracy in measure-
ments of base lines increased progressively, from 1 in 2,000,000 in
earlier measurcments to 1 in 3,000,000 in 1935 for the base line of the
Island of g;gen. ‘

A nation-wide triaﬁgulation net of three orders of accuracy was
planned to replace the various state systems. The Reich was to be
responsible through the Reichsamt fur Landecsaufnahme for the establishment
and maintenance of the first-order triangulation net, although for the
time being Bavaria, Warttemberg, and Baden were allowed to continue their
separate triangulation nets, Wﬁrttembérg and Baden surveyors were at-
tached to Reiéh survey parties, however, and Reich and,Bavariah surveyors
'tuok part.in the execution of triangulation in wﬁrttemberg and Baden. The
reconnaissance and signal tower construction for the new Bavarian-first-
order net was done by the Reichsamt fir Landesaufnahme, andkthe observa~
tion by the Bavarian surveyors under. the supervision of the Reichsamt,

In first-order triangulation a distinction was made between principal
and intermediate triongulaticn stations, the latter being observed only
after the establishment of the principal net. Their accuracy, however,
equalled that of the principal stations, ana after August 1940 both were

accepted as comprising the Reich Triangulation Net (Reichsdreiecksnetz)

and were designated -as TP(R). Points of the third order were to make up

the State Triangulatiocn Nets (Landesdreiecknetze) and were designated as

TP(L). Al] ‘points of fqurth order were included in the Survey Net and
designated as TP(A). The relation between points of various orders is

shown below,
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W
Order Satze Length of Sides : Density
(1 point per)
(1st 12 (30 km. (average)
TP(R) ( , S
(2nd ) 6 6"‘15 kIn.. i ) 50 Sq. knl-
TP(L) 3rd: 3 3.5 (average) 5 sq. km,
TP(4) Lth :

In the above tabulatlon, ”Satze” is used in place of "Number of
Pointings," 81nce the latter might be misleading., In the Schrelber

method of observatlons used by the Relchbamt fur Landesaufnahme, each

angle and all conblnatlons of ‘angles about a stataon are measured a nurber
of times, according te the total number of angles.urfor example, in ilrst—
order observations from a flve llne statlon, eaph @ngle and comblnatlon of
angles is measured five times wlth the telescope in the direct pos;tlon
and five times with the telescope in the reverse position,

Triangulation statlons were charactcrlstlcally marked by . stone.plates

surmounted by étone pillars. The plllars had crosses chiselled on -the

o
LA

Aufnahme or fourth—order stations were marked AP on one side and a 3ﬁietal
pipe or bolt was-used for the sﬁbsurface mérker. Metal bolts or plates
were used only as bench marks, Church Spires and lookout towers used as
triangulation statlons had leveling bolts at their base., The boltVI
stamped TP (or HP if it is dlso a levelling p01nt), had a hole drllled in
the top, The center axis of the hole was used as an eccentric station
mark, A

Second—,aed_third—order triangulation stations are distinguisﬁea
from first order only by a lower degree of accuracy, which means that
observations were‘not repeated as often as: for thoee of first order,
In many second=- éﬁdfthird-ordef.nets;‘howe§er, the accﬁ?acy‘is as good
or better than“tﬁe average for:the‘Reichvtriangulation nets, Only in a

few cases is the maximum permissible ‘erroyr for first-crder triangulation

exceeded, and then usually because of foreed-adjustments.to. older adjoining . .. .-

nets, Similarly, in many cases the probable error of the adjusted direction
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is well within the Reich average. In the old third-order nets, however,
the error is much larger, amounting to a maximum error of 15,3" in the
southern part of Pomerania, The error in the new first- and third-order
nets are well within the Reich average: The triangulation program called
eventually for a density of stations averaging about one station to each
square kitometer, There are about 54,000 triangilaticn stations in
Prussia,  The number was to be increased to between 250,000 and 300,000,
This density was considered necessary (a) for military reasons, (b) to'
create a sufficient nunber of control 'peints for the use of aerial
photographs, -and (¢) to cnable the local authorities to fit their local
surveys into the national net, There were 6,000 additicnal stations in
the smaller north German States, and 60,000 in scuthern Germany, Of these
triangulation stations, 12,000 were of first-order accuracy in 1938,
Since then, the army established an unspecified additicnal number of
points, ‘especially in the territory of the West Wall, where they are
called artillery points (4P),
For purposes of surveying, the French nd Belgian division of ‘the

- .right angle into 100 degrees, 10,000 minutes, and l,OO0,000*Séconas-was
adopted, cven the French abbreviations being retained, It was deeided,
however, to express measurements in decimals rather than use the R
abbreviations for minutes and seconds, The tern "Neugrad" (new degree)
was coined for this new uni{,.l Instead of manufacturing new theodolites,
it was planned bo‘equip those alfeady in use with the new scale by

April 1, 1945, Computations have beén made in this new system since 1938,

1. Circular Order...of October 18, 1937, ccncerning the division of
angles, ibid., Vol, 1k, No. 2, 1938, The centesimal system was nob
used for first-order triangulation., This oxception was officially
sanctioned by Secticn II, paragraph 2, of the Circular Order of
October 18, 1937,

RESTRICTID
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The decimal graduatibn was printed also on airway maps, togethéf with
the much older div151on of the circle into. 64 points (otricne), each
one subdivided into 100 points (also called Striche).

The German Reich is thus covered by a system of triangulation nets
of various ages and degrees of accuracy, Originally triangulation arcs
were survcyéd, which were later usea to combine isolated nets, For
thgse arcs and nets, base lines from 3 to 10 km. (2 to 6 miles) in
length were measured,.which.were expanded by triangulation to a junctions
with the larger sides of the nets, To insure accuracy, most of the base
lines were remeasured and compared with the bases of 960 m, at Potsdam
and of 1248 m, near Munich, These remeasurements were necessary also
because all base lines were originally measured with the Bessel apparatus
rather than the recently introduced invar wires. The Munich baseiiine
was the first tole measured with invar wires., The use of two primary
base lines for purposes of control was adopted because of the possibility
of changes in the true length of one of them. No triangulation pointl
was to be more than 200 km..(about 120 miles):from the nearest base line,

B, Maintenance of Triéngulation Stations and Restoration of Station Marks

Even a perfect triangulation net needs continuous supervision.
Buildings are removed and highway andvbuilding construction: destroys
station marks; miﬂing-operations may change the surface of the earth,
and station marks may be damaged by the negligence of landowners. The
restoration and maintenance of station marks is, therefore, a continuous
process, Before the war,ireports on station marks were made semi-
annually by local policemen, Geodetic engineers usqally‘recovered about -
90 percent of thosec reported as lost,

Since the outbreak of World War I, maintenance has ﬁot keptvpace
‘with needs, In 1935, about 3,900 ot the, 55,000 triangulation;stations
in the Reichsamt net were reported to be damaged or lost, and by now

the figure is probably much higher. Furthermore, systematic restoration

RESTRICTED
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in some areas showed that 30 to 60 percent more statlon marks than
estimated had’ to be either restored or replaced Such restoratlon can be
done only by experienced surveyors and, until 1936, sufficient trained
personnel was not available, During 1936, 1;5h6 station‘marks were
restored, but in the following year, when sufveyoré were néeded for other
work, less than half that nuber was restored. Triangulation staticns
known to be damaged or lost as of April 1, 1938 numbered 2,9bk.
Restoration has progrcssed furthest in Silesia and Pomeranla the state
of Lippe, and the northern part of thb Rhlncland

The restoration of lost station marks, eSp601ally_if"the:Surface
plate hds.been lost, is both timé—consuming and expensive, The Reichsamt
'fﬁr Landesaufnahme, therefore, charged one of its surveyors’With theu
problem of experlmentlng w1th the parallactLC polygon chain method which
Professor W. W, Danilow of mOSCOW'had formulated., The theory is based on
the fact that the lengths of the longer diagonal of a very long and narrow
delt01d (kite~shaped quadrangle) can be determined from the length of the
smaller diagonal and the very small parallactic angles at the ends of the
longer'diagonal. Iﬁ practice this involves the difficulty of measuring.
véry small anglcs and distances with sufficient accuracy., If the follow-
ing condltlons can be fulillled however, the method is accurate enough
for use in replacing triangulation stations of second and third order.
The smaller diagondl line must be measured with absolutg accqrépy{by an
invar wire, and its two parts, formed by its intersection With‘the longer
diagonal' line, must not diffcr more than 0,2 m, The anglé at the inter-
section must not dcv;&tc more than 2! from a right angle, and the llne of
sight from the theodolite to the marker should bb hlgh enough above ground’
to exclude refraction, The theodolite itself must be accurate. Under
vthese conditions, the deviation from the true leﬁgth is lééé‘ﬁhap iwin H

35,000.
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It is understood th%t this methgd has proved satisfaqtopy in at
least two trial measurgments; onee in 1935, Whep two lost points in
Holstein wefe_resto;ed,.and agaiq in l936,,not fan from Berlin along
- the planned route of a super-highway fhat cut through the woods and\
~offered, therefore, conditions unfavorablc for the usual method of .
triangulation, The parallactic polygon chaln ﬁéthod was not 1ntended
for use in mountalnous areas,

After the outbreak of war, the Germans stopped showing the exact

locations of subsurface station marks on their maps, in spite of the

resulting inconvenience, because such information was considered too

C. The Situation, 1938—Ah

It is p0551blc to 51Ve a falrly accurate picture of the condltlon
of German triangulation in 1935 as well as the plans for the,future‘from
- & report of President Vollmar of the Reichsamt fur Landesaufnahme of |
December 1, l93§ (see Eigure l), The scattered informat%on on plans
. fér triangulation during the next few years has recently been supplemented
:by an unpublig@ed reportwprepared.by_Qgptain Spencer D, Smiﬁh, in charge
qf_the,Laﬁd Sgpveyﬁoffice, Bamberg, Germany. Of the firstf§rde; nets,
“the Mecklenburg net was cqppleted in 1?38, the Danish connecting ret in
}939, thgjtwo Pgm§ga§ianVnetslin 1936 and 1937, thewSQXanconnect;nglg
chain in 1941, the North and South Bavarién nets in 1940, the Baden-

» Wﬁrtpembg:gynet in 1937, and the Austrian.ngt ip.}9h0. ;n Germany a;l
qugrnigetg Qﬁ.ﬁirsp.ordgr:are completely adjusted to adjacgnt nets.
Older triangulation data are still in.qse,“eSpeqially in_lapd‘registry,
‘ because thg‘lRZ,SOQ;ang 135:OQO,W%PS wérg often bqrdered by qoeordipate
;iges on tﬁgvold grid system, and becausc thoqsands~qf fourth-order
(Au#nahme) stationgjwereyg;ven iq ghe.gld staie»survey systeés. A

summary of the situation is given in Appendix A,

RESTRICTED
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The'Temporary.ﬁeiqh‘Sﬁr&éilﬁét wés'completed inzl928'and the figdl

Reich Survey Net was ready for.publication in 1944, The Reichsamt fur
Landesaufnahme had assembled a complete card: file for Greater Germany
showing for each trlangulatlon station, (1) geographic positlons and
elevations; (2) Gauss—Kruger co-ordinates (DRG) in the tcmporary system,
i.e., the system whereln adJustmcnts are made w1thout ‘taking ints con-
sideration the base lines and Laplace stations outside northWestérn
Germdny; (3)( co~ordinates in the final system in which all possible
adjustments are made, and (h)‘the'kilitary Guuss-Kruger co~ordinates (DHG),
These files were uééa in éll HVA's (Hauptsurmessungsabteilungen) and the
Army Carfoéfaphic office received several copies of all cdrds. At the end
of the wér, the file fér the final Reich Survey Net was loaded into two
trucks, One half was sbnt to Wittenberg ond may be in Russian possession
and the othur half was sent to imrsbruch and is bGllqud to be in the |
possession of the French Army in Paris, No examples are in"U.S. or
German pééSéés{dh;v o ' o

Such flles are necessary, 51nce maps can show the DOSltlons of
trlangulatlon statlon5 only within graphie limits.  On 1:50,000 mnps,
triangulatiop stations are s;yen_with,gn accuracy of tLO m,, other pdints
£30 m,  On maps at 1-25-000 the accuracy increases to A5 m., and £20 m,,
respectivély. To obtaln thc position of a-point with an- error of not more
than one meter, 1t is necessary to use the Grundkarten at 1:5,000, or
cadastral maps for states such as Bzden, Bavaria, Hamburg, Hcssen, Saxony,
and hurttemborg, and for’ parts of Thurlngla. o

1. Areas with Adequate Triangulation Nets

The regions dlscussed in the following; paragraphs are’ prov1ded w1th
adequate -triangulation nets, thourh not necessarily of.all three orders.

In Germany, moreover, a distinction must be made between an arc of

triangulation and a trlangulatlon net, The former covers a strlp of land . ...

50 to 70 km, wide, whlle the 1atter may be any 1rregular1y shaped area,

RESTRICTE
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a. Prussia West of the Elbe aﬁd Connecting Nets, Adequate triangu-

lation was established in this regiop between 1878 and 19003'_ The
different'triangulation arcs‘and nets have been adjusted satisfactorily.
The Prussian net was the largest of the German'nets and céntainéd the
datum point of Rauenberg (related to the observatory in Berlin), and the
base lines of Berlin 1846, Konigsberg 1834, Strehlen (Silesia) 1845,.
Braak (Holstein) 1871, Oberbergheim (Alsace) 1877, Gothingen 1880,
Meppen 1883; and Bonn 1892, Consequently all other nets were converted
+to the Prussian system, The newly measured nets of East'and West
Prussia, with the base lines of Schubin and Gumbinnen, were adjusted to
each other and connected with the Prussiaﬁ net by holding the border
stations fixed by the old net,

In 1924, the Prussian system was trﬁnsferred to the Gauss—Krﬁgér
grid and was galled the Preliminary Reich Survey Net. Meéklenburg,
-Wﬁrttemburg, Saxohy, Bavaria, and Baden thereafter were converted to the
system bf computation'only and without additional measurements, Many
discrepancies remained along the borders.‘ A1l stations in all orders were
cormpletely converted to this adjustment and the rcsults were published in
trigonometric lists and on index cards,

.. Tn 1936 it was decided to hold the northwestern part of Germany
invariable (nets underlined.in Figure L, Appendix B) in 5rder to avoid
changes in position. The eastern nets were adjusted interﬁally without
“base or Laplace conditions, were connected to adjacent nets By the Helmert
method, and then connected with the northwestern nets, The southern nets
were connected to thé combined northern net, The adjuétment was further
enlarged by additicn of the Poiish; Czechoslovakiéh; aﬁd Austrian nets in
194k, The result was called the Final Reich Survey Net,

~In July 1945, the U.S. and the British Armics decided to readjust the

Final Reich Survey Net by the Bowie méthod, using all base lines and

1. "Official Triangulation Grid," ibid, Vol. 16, No. 5, 1940,

RESTRICTED
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Laplace stations, The junctign figures and segtions of this adjust-
vment were completed in July 1947 andvcalled tﬁe Centrel Eﬁfepean Net.,
The polygons should be completed by July’l9hé. |

b, [East Prussia, Triangulation of all £Hree ordérs has been
completed.

c. West Prussia, Triangulation of ali threé orders has been
completed in the former Province,pf_west Prussia., The greater part of
this net,nhewevér, lies beyond the 1937 bouﬁdaries of‘Fhe Reich, in the
P'oiish Corridor and Danzig., A small pert of the trlclngulatlcn is in the
gection of West Prussia that was joined to EasthPrﬁssia in 1919, but it
is still referred to in German publications as part of the West Prussian
net, h '

~d. Berlin-Schubin, A first-order triangulation arc connects

Berlin and Schubin, the latter in the part of Poland thaﬁ belonged to
West Prussia before 1919. At Schubin, the arc connccts with the Fast
and West Prussian nets mentloned The adjustment ofﬂihe Berlin~Schubin

arc revealed large Junctlmn errors. By mbving the Prussian nets 2,3 m.
(or30.118h”) to the west, these errors weré.reduced, but a slight dis-
tortion developed in the north (see Table 9) “

7 ' !
e, Markisch-Silesian net. Pr1n01pal flrst—order trlangulatlon

(w1thout intermediate points) has becn cowpletcd for thls area, The

second-order has been remeaoured and the thlrd-order paftly remeasured
in the eastern part of the area, The base llne near Wohlau, which had
not, been used before, was remeasured in l9hl and was used 1n adjusting

the net,

f. Schleswig—Holstein, Hamburg and Lﬁbeck. .Triangﬁlation of all

three orders has been completed.

g+ . Bastern Pomerania, The principal first-order triangulation has

been completed for Eastern Pomerania, and the intermediate net was

. RESTRICTED
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(on Wbllln Island), Vogelsang (near Stettln), and Gornow in the west

nto the Berlln-Schubln trlangulatlon arc in ‘the south, Northeast of

Stolp, a new base line 9,6 km, lonr vas measured with invar wires in 1935,
As the trlangulatlon data were urgently needed for the area east of the
meridian 15° 90' E. because of the many new GcrmWn settléments in the
area, the second and third-order triangulation, though observed
1ndepcndently, WS donc at the same time as the flrst—order trlangulatlon.
’The necessary adgustment o thc flrst order statiens, a relatively simple
| off;ce procedure, was scheduled for -the winter of 1938-39.

h."Vorpommern (Northwestern Pomerania), A first-order triangula—k

t;on net was completed in thls area. A base line of 4.8 km, was

ﬁeasured on Rugen and another of 10 knp., was plamned for the Werbelllncr
heath. In 1938, there was no plan for second- and third-order triangula-
tion aﬁd, because:of the war, it is unlikely that‘any has been done,

2. Surveys Planned.cr in Progress

a., German-Danish Net. In the east, the Ger@an?Danish net joins

‘thé Vorpormmern net, which in turn joins that of fast Poﬁerania at
Jordansee, Vogelsang, and Gornow; and in the south ‘the Berlin-Schubin
‘arc. ThlS German-Danlsh net was to be enlargéd tec include the horthern

part of Mecklenburg and to join the Holstein net in the west This
would provide a trustworthy framework for the future trlingulatlon of
Southsrn Mecklenburg.. The flrst~order trlanwulntlcn was completed in
1939; second— dnd thlrd—order trlungulatlcn was planned only ‘for the

Necklenburg-Pru831a bordur.

b. Mark1sch—81le31an Net, " In the area covered by the Markisch-

Slle31an net observatlons for 1ntermed11te flrst-order trlangulatlon
statlons were schuduled to begln in the- summer of 1938 ~-Second- and

third-order triangulation was completed in parts of Upper Slle51a

’
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because of settlement projects, but no plans had becn made for the rest

4

ofy, tﬁe second- and third-order nets, s1ﬁce it was c<n51dered unnecessary.

4 “a

: ;.ﬁc. ~East Pomeranian Net, 1In the.area wesb of nerldlan 15320' in

East Pomeranla, second~ and tnlrdaorder trlangulqtlin, started on completicn

'!

bf the first-order net, has been completed. - @‘;

"ud. Vorpommern -Net (Northwestern'Pbmeranid?;? Shme as above,

B ge. Berlin-Schubin Arc, When the'Berlin—Schubih triangulaticn arc7

T wag Qolpletbd, plans were made for future SbCOHd* and third-order trianfula-

t Q}Qn, Computations were started to adjust the Marklscn—611951an:net to .
i“ﬁﬁ%‘Bérlin-Schubin arc, but tha adjus{mcnts could not be'domplétéagbecause
':4of other conncctlcns w1th eLcl,jmm.mD nets. The‘adgushnunt “of tde Narklsch—
- Slle51an net howaver, vmuld’mcve thc points in southcist Sll@Sla about
1'6 m., whlch was not acceptablc to land registry authorltles. Other types

< i

' of adaustments wcre, thereforc, under 1nVLstlpat10n. The Narklsah—

v\

v;Siles;an trlangulatlon net had 1ts own base line near Wohlua, Wca$uncd

;‘as early as l9lh. No adjustment to this base line was made at thL tlme,
o ‘j b, .
@bccause of “the outbrbak of Tk rld Har I. It -was necsssary, therefd¢;

PERY

ijrem;asurc the base llne, whlch WS llnllly done 1n 1941 (see above)
4
o ‘J ‘

.f. Sachsischer Anschluss, A reconnalssancc was. fﬁdu in 1935 ior

ffthe Sachs1schcr Anschluss (Saxon oonnectlun), covcrlng a small area
' locwted between the pr1n01px¢ marklsch-éllu51an trlangulataon net, the .

A'S&XOH—HaanVGrlln trlangulatlon .arc of 1880—1881 and the pr1nc1pal

1 3

;,ﬁ'81xon trian5ulatlon net Flrst-order trlangulmtlon has been corpluted

'as wéll as a small mwount of 1ov@r-ordcr trlxngulatlwn along the SakonA

.

'~border.

g. Mecklenburg;wgrkischcs Net, The Mecklenburg—mérkisches

ﬁ'-;flrst—ordcr trlangulatlon was observed bethbn 1936 and 1939, and in

- {519hl a-base llne vas measured on, thé bonorffh01de. Thls net is bordered

f i

by the Blbe arc. ei 187u~5 the dblstuln arc of 1869, the waﬂﬂﬂ—DﬂHlSh )

!

P ..:1-..‘o-'._..,. .
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. ‘RESTRIETAD 2l
conﬂég%iﬁéfhéf;‘WEiéh'cBVefélﬁé%fﬁéfh:ﬁgﬁkféﬁgﬁfé;4aﬁaJﬁﬁéfﬁ%iﬁéipal
’ffiahgﬁlétion’nét(5%:W§E%éfﬁ"Poﬁérahié;:Whiéﬁncgﬁpfisés'par%év6% eastern
Mecklenburg, the Béfiﬁh—Séhhﬁiﬁ cbhﬁéétiﬁg tffdnguiation afé;'agd the
jrinﬁiﬁdlﬁsaibh'tfiéﬁguié%i§h net, fhékéider Mécéléﬁbﬁrg firsteorder
triangulation, originally cbsefved in 185340, had t6 be discarded
bocause of excessive srrors in'azimh%h; which prevented satisfactory
adjhstment to fhciPrﬁssiii tridnéulatibn;' Most of the Oid Mécklénburg
stations, however, were scheduled ‘to be absorbed into the neﬁ‘ne£'as‘
sedond~order friangulaﬁiénUStéﬁioné{‘;First;érdéfladjustménts were com—
pleted in 1939,‘ For Mcckienburg, sécéhd; and third-order nets were
remeésurgd betwsen 1910 and 1912, ‘The'oomputa{iin to conncet the
second;.and ihirﬁ-drder with the first-order was started in 1944 and
is ﬁow (19&7) being compl;téd b&‘HVA;Ez; {

~h., Bavarian Triangulation, In Bavarid hew first-order triansulation

was étartéd in 1920;I Tt was connected with the Hessian, Thﬁfingian, and

" saxon triangﬁl&tién‘nets; folching\the‘néihéds and rules establishéd by
the Reichsamt fur Landesdufnahre, 'A'bqsé'liné was measured near Schleis—
sheim, but the base line near Nﬁrnbberg was not agreed to 5y the Ministry
of the Intericr and was not measured during the sdfvojwﬁofk of 1941,
Reconnaissance andbfembaSuTihg of the énfiré.fifsﬁ—ordef net was completed
by the Reichsamt fur Landesaufnahme and Bavaria;:ﬁﬁé“intermédid%ef1
ffiéﬂéﬁlaﬁion‘was undertaken, and'second;;aﬁd £hira:ofdef'wefe ﬁldnhcd
only for some area, A% Schleissheiﬁ, Bavaria kmdsﬁféd a base liﬁé with
invar wires in order to_cgmpare it with another clder base line near
Munich, which;had been measured with the Bessel apparatus, There are,
however, two basés in Germany that may be used as standards of ccrpariscn
at Potsdam and at Munich, Thus, it is poséible to deteét tectonic changes

in either one.
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i. Bavarian Palatinate Triangulaiion._ In 1937, second-order

triangulation was conmpleted fér the Bavarian Paldtinaie, No plans were
made fpr immediate continuation of th;rde;rder triaﬁgulation,,presumably
because the sufveyors.were ngeded cn the main Bavarianrtriungulation.
Since the army“did a tremeﬁdous amoﬁnt of tri;ngulation in all areas
crossed by the West Wall, presumably‘the Bavarian Palatinate was
included, To what extent the army survey fulfilled the requirements

for the thlrd-order trlanpulatlkn lS unknown.

3. Baden and Wurttemberp Net Although the old trlangulatlon net

of Baden_andAWurttemberg was connected with the old fhine Survey net,
which afforded a connection with Prussia, it was not satisfactory and
new triangulation was considefed necessafy. Observations for the
principal first-order stations were completed in 1937, ‘Because‘of
nearness to the Schleisshcim and Oberbergheim (Alsace) base lines, ,
no uthurs were planned for Baden and “urttenber5, but several Laplace
astronomical stations were planned. Intermediate trlangulatlon was net
completed in the southern part ¢f the area but is now beiné done by .
VA XTI and should be finished by the end of 1947, |

k. Hessen Net, Inasmuch as Hessen adoptcd the prlnClpal
triangulation net of the Relchsamt fur Landesaufnahmu, there was no
obstacle to the 1ntegrat1c1 of its lower-ordur net into’ thmt of the

Reich, 1In 1937, the prlthnS of. a number of 1ntermedlate flrst—order-

stations were publlshed.
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IV,  CONNECTIONS CF THi GERMAN TRlsNGULATIOh

VITH THOob CF OTHLR COUNTRIES

In general the German trlangulatlcn net is connected wlth those
of adjoining countries, Uhere there are junction dlfflcultles, they
are due less to 1nsuff1cient cormon poihts than to the pecullarltles
and, in some cases, deflclen01es of adsolnlng,nets. During the war,
the Germans conceived a far-réaching program for the unification of
surveylng and uapplng in all Turope, ;PreliminaryystEPS were taken,
‘eSpGClally in hestgrn Europe. The first Gcrmqn‘triangulation in
France 1ncludod the parallel from Paris to, Brest the parallél of
Rechefort, and the sectlun of the merldlan.Li B yeuy thlt connects
the two parallels, EXthSlVb second-order prl%pgulatlons were carried
out along the Atlantlc and Channel CO&StS,;_.} ' ‘

The two most. 1mportant states adgulnlng Gerwmny - Ru551a and
France - had no elaboratu trlanguldtlcn like. thw t of Germany.. Instead,
between the trlanguldtlon arcs thot crlss—crossod the countries were
wide intervening areas thét were filled in more,or“lcss adaquately
w1th lower-order trlangulatlon. _;. ' |

On Octocber 14—16 1943, a confurence of mlllﬁary sur;uy afficers
was held in Vienna. to oreate a Buropein Geodatlc Unl;n undcr the
leadership of the German Army. The army prcpcsed to take cver st
of the work of the Qelchsamt fur Jandesaufnahr@. Thc Jddustnent of
a European net wa@ planned and later executed fur largc areas "of Burope

- by the army, The results w11ch were 1naduquato, wore in the possession
of the arﬁy~only Slnce dlffbreanS became progr0331vuly larger as the
distance from. the nortnwest German block, 1ncreased and since the block
was regarded. s flxed the difference could nct be adjﬁsled qdeqﬁately.
Dlscrepanc;es alonb the castern bcrders of Morav1a and Auétria, however,

were cnly about one geter. Tt was stipulated that apé'of-all Furcpean
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states should be made accarding to the sane specifications on the

Geues—Kruger progectionxus ng the Gauss—Kruger milltary grid,

In July 1945, the U S end British Armies de01ded to undertake
the readjustment rf the Flnal Reich Survey Net u31ng the Bowme mcthod
This was to be called the Central Eurcpean Net the title 1nd1cat1ng
its ultimate scope. (See above P. par. L )

A, Lithuanla AR

Among the successor stdtes of Czariet Quss;e; only thhuania and
Poland had common borders w1th Germany. lhe northwestern part of
Lithuania is crossed by a triingulaticn arc thit has four points in
common with the East Prussian net. This are forms the backbone of the
Lithuanian'triangulationc Lithuania adooted the Gauss-Kruger grid'and
its recent map, scale 1:25 OOO, has the same sheet size and scale as

the German Topographic hap. Consequently, the new Lithuanlen maps

and the adgoining Germln mAps fit togethcr accurately. The Lithuanian

triangulation was scheduled 1o be completed in 1943, but was retardad
by the war, The work conm&eted, however, wae'done by Lithuanian surveyors
under éerman supervision. | | |

B golam

| Poland tried until 1927 to combine the parts of the German,

Auetrian, and Prussian triangulaticn nets within its borders, but

failed because of the lack of a sdfficient number of common points,

The locetiohs of first-crder triengulaticn stations differed by as
-much as 5 meters, the differencas whero ‘the trlangulation nets 301ned
”1n the border areas were up to 120 meters, and some station ‘marks could

not be recovered. ‘Thus there were junctlon errors not ulong the Gcrman
”border of 1919, but along the pre—First World Viar border, which

Y

c01nc1des with the 1919 border only 1n East Pru591e end apprcaches the

§

1920 (Versailles) boundary only in Upper Sile51a. Difficulties were
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encountered also at one place along the Pomeranian berder of the
Polisﬁ corridof, when the new East Pomeranian net was surveyed., The old
nets of £his area were discarded, but Poland and Germany could not come
to an agreement that would make possible thevconnection of their
respective nets, | |

One of the original Russian arcs followed the border of Suwaki
Provincé frgm its northern Border to nofth of Lomza, Southeast of
Lyck, it was connected with an old Prussian arc of 1859, This arc
‘is retained. cnly as the connccting link between the newer East Prussian
net and the c¢ld Ruseian arc, althcugh it has only two stations - near
its northwestern end - in common with the East Prﬁssian net of 1903—08.
'Its.other stations are no longer used for German internal measurements,

A Russian arc ieading nerth from Varsaw had two-statiuns along
the Germaﬁ border, but ho connecticn with the Pruséian net was cstablished,
Another aro from Warsaw followed the Vistula River and originally joined
the discarded Prussion Weich$elkette of 1853 near Torun (Thorn), At
this point another ©ld Russian arc branchéd 6ff to the éouth,‘paralleled
the old border; and joiﬁed the "Anschluss Tarnowitz! of 1852, which was
still legal and in use in 1944. The survey of a'new first-order net,
however, is in progress in the area,

In the broad area between\the Lomza~-Lyck and Tarnowitsz regions,
Junctions erfbrs could deVélop’because‘the nets were surveyed
independently; but, in the arcas most distant fron the junctichs cf the

‘nets, the adjustment'is'pﬁrelyidn'interhal'Pdlish problem,. To overcome
difficulties along the histerical boundaries within Poland, differences
have been tempeorarily adjusted graphically on the maps, As a fesult;
maps‘ccve#ing areas.cn both sides of the old border cannct be considered
adequate, . |

A new Polish triangulaticn net was begun inm 1927. Ares of =

‘trisngulation were planned to cross and join oné another, thus forming
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10 more or less regular polygons, ‘Thé'tfiangulation around eight of
these polygons was completed by 1939. The remaiﬁing £riﬁngulation'arcs,
which were to close the two remaining'pclygons, were pgstponed‘because
they were in territory formerly belonging to Prussia, where the old
- triangulation seemed most nearly adequate and wﬁcre a new survey was
therefore least urgent. In general these arcs were cf first-order
accuracy, except in a few areas aloné the eastern burder (now 1n

Russia) and around wursaw. Bessel'!'s reference spheroid is used, . -
The use of a neW'projectioﬁ was blannad for future maps, a étereographic
’projection according to Roussilhe., As far as it is known, nc Baps on
this projection have been published.

After the conquest of Polahd; the Germans tried to adjust this new
"Polish net to the German nct, déspiﬁe tﬂé difficulties arising from the
use of a different reference Sphéfdid uﬁd the long distance from the
Northwest German net. An intensified p;ogrém of observating was planned
tc complete the gapé in the new tri&ngulﬂ%icn;'but énly the work in the
Suwaki region was completed. Cﬂntraf&hﬁé ﬁrofessed principles, most of
the work in 1940 and 1941 was done along the Scviet border; later the
“tempo of the whele program seems to thc slackencd.

C. Czethoslovakia

Czechoslovakia and the Republic of Auétria; bdih heirs to territory
of the old Austre;Hungarian Monarchy; may bé'discuésed'together. The old
Austrian Erpire was the first large éoﬁhtry to co&ervité entire area with
a triangulation net of uniform: accuracy 1nd spe01flcatlons. This net is
usually called the grid of the m111tary Gcographlcal Inatltute, after the
agency responsible for it. A feature of thls trlangulatlon to be ncted
is that it stopped some distance from the ihterhational boundaries. ‘'No

first-order stations were established with a view to connecting the net

with the triangulatich of other countries. In 1878, an. (Osterreichischer

Anschluss (Austriaon connecticn) was establiéhed‘by means of the Prussian
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triangulation in the southeasternmost part of Upper- Silesia,” which
connected with the Austrian triangulaﬁion in Austrian Silesia (after
1918 Czechoslovakian Silesia and the Polish part of Teschen), Along
theiéther parts of the border also, German triangulation. was extended
across into Austria to the triongulation stations of the Military
::Geographlcal net, which 1@tgr became the Austrian and Czechoslovakian
:statc nets.
The Austrlan Republic and Bmvarla had new triangulaticn underway
| atvthe same time and worked in close collaboraticn with each other,
After the conquests of Austria and Czechoslovakia, the triangulaticn
nets of(both countries were adjusted to the Reich net, In Bohemia, a
‘néw net - probably containing cnly first-crder stations - was surveyed
‘in 19A3
Maps of both countries dlffer slightly fromAtthe of Germany.
rAuStrla as well as Czechoslovakla retained the polyhedric projecticn,
the unlt balng ; quadrilateral framed by two meridians 30! apart and
tw§ paraliéls 151 apart. Longitudq was measured from the meridian of
fefro. Gefm&nj, hewever, had given up use of theﬂmgg?@i@glgf Ferro
and, even on older sheets where it haq,pgeqﬁqseq;dthevprajection unit
was a l—degree qﬁadranple. Practlcally all German maps, with the

exceptlrn of the Bavarlan P051t1rnblatter, use, longitude referred

to Greenw1ch. The P031t1Lnsblatter, which have been replaced by

E“nower maps to unly a small degree, are similar to thg Austrian and
Czechoslovak sheets but differ slightly from them. On the German
sheets R 1nclud1ng the POSltlf./nsbla‘bteI‘ ». the bounding parallels are
stralght lines, the secants of arcs; whoreas on the Austrian and Czech
sheets arcs are used and the resulting parallels are slightly curved,
Both Austrla and Czechoslovakla cansistently made allowance for this

slight curvature.
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Bessel's reference Spher01d is used in Austria and Czechoslovakia,
It is also used in Pru531a and Saxony and is sufflclently similor to the
one used in Bavaria to av01d bad Junctlon errors.

Though such theoretlcal dlfferences may be of minor concern, the
difference in basic scales employed creates a practical difficulty.
The Austrian and Czechoslovakiag scale of.l:75,066 is not_used on any
official Germen map. The feﬁ e#isﬁing’Austrian'maps at 1:25,000 are
..of large cities and their environs. Czechoslovakia, however, has a
. ccn51derable number of 1; 25 OOO shcets along the German border, The *
new Austrlan sheets at 1:50, OOO llke the German sheets at the same
- scale, are few in number, |

The Austrian and ngchoslovakian generdl maps ét 1:200,000 are on
the polyhedric projecticn with a l-degree gfid -~ o combinaticn that was
. never employed by the Germans, Since the corresponding German maps
have greater distortipﬁ,at the corﬁe?s of £he sheets (up to 5mm., the
equivalent‘of 250 m, in the field);‘it is difficult to match them to
_Austrian and Czechoslovakién shegts. Along the edges where the maps
are joined, discontinuities aﬁpéar in‘thé form of gdps, overlaps, or
displacements, amounting aﬁ places to aé much as several hundred beters.
D. Switzerland | |

Switzerland, llke Bavafla used thc Bonne projection for its
topographic maps. Bavarla hcwever, 'is the scuth German state with the
shortest common boundary w1th Sw1tzerland "The triangulation of all”’
south German statbs has been closely connected with that of the Swiss
fcr many years,

The condition in Frangé‘is badly'confuséd, partly becéuse of
inadequate adjustment betwe;n the‘Frénch tfiéngulation nets,:(and

cocnsequently between the riaps themselves) and partly because of the change
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“in aliegiance of Alsace~Lorraine, -Alsace-Lorraine was connected with
the other German nets through the 1876 triangulaticn arc, In 1899, a
temporary comnecticn was made with the triangulaticn arc of the parallel
of Paris in the Department de Vosges, A short time before the cutbreak
of World War II, the French surveyed a new triangulation arc extending
along the parallel of Paris to the Rhine, incorporating triangulation
stations of the earlier German triangulaticn, Through this rearrangement,
the arc of the parallel of Paris now joins the German triangulation
through two common stations that form one side of Belchen-Kaiserstuhl
of the Rhine-Baden triangulation, as well as of the French triangulaticn,

This new triangulation was not completed for all orders, but serves as

contrel for the 1:10,000 and 1:20,000 maps (Plans directeurs), and the

1:50,000 map (Nouvéllé carte de France), Other French maps are based cn

older triangulation, Ccnversicn tables have been prepared for trans~
ferring the old positians to the new system., A&t scme distance frem the
main triangulation arc, juncticn differences of 100-150 meters develop.
This is espeéially noticeable on the 1:80,000 map and censequently on its
enlargerient to 1:50,000,

The‘l:S0,000 map is the enly map of large scale that covers all of
France., It is drawn on the Bonne equal-area projection, using the
réfereﬁce spheroid of Plessis, The latter is an adaptaticn of the
spheroid according to Delambre, insofar as it assumes a periphery of
40,000 km for the spheroid, which creates an error of 1 m, for every
13,8 km., This does not exceed the normal error of drafting or of
expdnsion or contracticn of paper, It is also consistent with the
French adaptation of ‘the decimal system to loﬁgitude‘and'latifudétl

Thus, a second is exactly 10 meters long ‘and & minute 1 km, However

1. Acccrding to this system the right angle is divided into 100 degrees
(lOOgg of 100 mimites (100°%) each, which are made up of 100 seconds
(100°¢) cach,
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the mere recent geodetic :work.in France is based on Clarke's spheroid
of 1880, .

The Bonne projecticn for France used the Paris meridian as its
central meridian and latitude 508 (45°) North as its central parallei.
The error in azimuth may be as great as 30° (17'), or 0.5 meter in a
1 kilometer, The:scale error.may amount to 1 in 400, or 2,5 meters per
kilometer, Since the First World War, a grid based on this projection
has been used on French rmps.

In 1920, the Lambert projectiocn was adopted. This is a cenformal
projecticn, wiﬁh parallels shown 2s concentric circles and meridians
as straight lines., The distortions arc less than on the Bonne projecticn,
Scale error increases with distance from cne of the standard parallels.
For this reason, three slightly_overlapbing zones were established, each
with a width of 48 latitude. - The scale error generally is less than 1
in 6,250, but in outlying areas such as Alsace and Brittany it may
amount to 1 in 2,000,

On its own Lambert projection, there is also a separate zone,

Nord de Guerre, whose central meridian is 6 east of Paris, central
parallel 558, and with standard parallels 536 and 576N, This zone

is to be eliminated gradually, but at present rany maps use this

grid. The older maps are shaped according tc the rectangular Bonne
grid, which has its origin at the intersectiocn of the central parallel
with the meridian of Paris. They do nct fit together exactly however,
because the main triangulation arcs werc not adjusted to one ancther,
There also are similar differences between individual sheets, depending
on which triangulation arcs they are based on. For example, -the
1:80,000 Strassbourg sheet differs as.much as 20 to 30 meters from
adjacent sheets at its corners, and as much as 50 to 100 meters at

the middle c¢f the upper edge. Because about 70 percent of the old

triangulation station marks have disappeared, the geodetic data in

RESTRICTED

Approved For Release 1999/09/01 : CIA-RDP79-00976A000100020001-6



Approved For Release 1999/09/01 : CIA-RDP79-00976A000100020001-6
RESTRICTID 2 Bl

these areas are insufficient for the control of aerial photogrammetry

and fer artillery range-finding, This is less significant for maps

at 1:80;000 cr smaller scales, than for the old maps at 1:10,000 and

1:20;000. The new French sheets on the Lambert projections are bounded

by meridians and parallels,

The newest French survey and mapping program progressed furthest
in eastern France., Since the new triangulaticn was nct connected with
the German until 1943, it cannot have had nwuch p:actical influence cn
the co—ordination of German and French maps., There was, howeveér,
another older indirect connecticn via the Belgion neﬁ.'

Few general statements about the relaticnship between French and
German maps may be made, since junction errors and distorticns can be
found even between adjacent French sheets, Because Germany ccntinues
to use 36C0° for its topographic maps, .and France has adepted the LOOE
divisicn, sheet sizes differ in the two countries, and it is impossible
to correlate them, The new 1:50,000 French map, however, is a well
designed accurate set covering the entire border region., It may,
therefore, be assumed that disturbing features will develop only at
a distance from the border if the new French set is used, but may be
expected to develop anywhere if the older sheets are used, The dis-
tortions of the Lambert projecticn on the French side are too slight
to affect the fitting together of adjoining French and German sheets,

F. Luxembourg

The Luxembourg itriangulaticn net was surveyed by the Belgians
about 1930 and was closely linked up with the survey of Belgium., Good
connections were also established with two French trianguiaticn arcs,
During World War II, the Reichsanmt fﬁ} Landesaufnahme surveyed a new

net, which was closely integrated with the triangulation in the Rhineland

and with the Old Alsace-Lorraine triongulation arc,
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G. ‘Belgium

Belgiurt was linked with Germany through connecting triangulaticn
in 1894, During the World War II, the Germans wanted to integrate the
Belglan triangulaticn net into that of the Reich, but had not quite
completéd the computations when the Allies liberated Belgium,

The older Belgian maps are on the Bonne projection; recently the
Lambert- conic conformal projecticn was intrcduced. The distofiions uf
the Bonne projection are insignificant for as small ‘an area as Belgium,
The same is true for the Lambert projecticn, The scale errcr does nct
exceed 1 in 10,000 or 10 centimeters in 1 kilcmeter. ' The Hayford
spheroid cf reference was adopted at the same time as the Lambert
projectiwn,

H. DNetherlands

The Dutch triangulaticn is well connected with the German through
two nets. One net has several staticns in common with the German
triangulation between Limburg in the scuth and Bentheim in the ncrth,
and was surveyed in 1889-92,. The second, & smaller net with three
common points in Friesland, wa; established 1884~88, The German and -
the Dutch computations of the geographic positions of these stations,
however, differ from 1 to 2 meters,

The Dutch refereﬁcevspheroid differs little from the Bessel
'spheroid used in Germany, The Bonne projection is used for older
Dutch maps, but in 1940 it was about to be replaced by a sterecgraphic.
projection. Owing tc the smallness cf the area, distortions on ?cth
projecticns are so insignificant that German and Dutch sheets at the
same scale can be joined without difficulty,

The prime meridian of the older Dutch shects is Amsterdam,

L° 53'0,0"E,, and. of the newer maps the meridian cf Amaersfoort, -

59 34L'15,5"E,
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Measured and computed by Trigonometrical Division of the Reichsamts fiir Landesaufnahme
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\
In adjusting ‘the triangﬁlation nets of Belgium, tho Netherlands,
and Luxemboufg to the German Reich net, only minorvdifgiculties:were
encountered, The juncbiun errors remaining aléng'the Dutch border
average O.LO m; and do nct exceed'o;éd n, The computations of thg
Belgian=Luxembourg adjustment were almost completed by the middle of
1944,
I. Demnmark
Danish and Germqﬁ triangulationﬁnets were connected across the
narrow seas at an/early date, moré than 100 years ago. In 1869, a
triangulation arc was surveyed throuch Schleswig and Holstein, which
has a direet centinuatiun in Danish Jutland., The German-Danish
-connecting net acrcss the Baltic was resurveyed in 1929-32, ‘
Danish maps are cn a Lambertlccnical projecticn, Direct evidence
is nut’available, but it‘may be assumed that owing to the smallness of
- the country no significant distortions have 4eveloped, and that
because of the integration of the triahgulaticn nets at an early daté,
adjacent Danish and Germon sheets fit together weli. The prime meridian.

for Danish maps is Copenhagen, 12°34'40" E,

V. IHE REICH LAVAL NET

Because of natural soil movements, cultural changes, and other
factors, ievel nets deteriorate rapidlyvand should be renewed once in
each generation, The old éerman net is based on leveling perfcrmed
during the yocars 1869~1990 and was being releveled when the S¢Cond
World War broke out, Details of the new leveling were published in

Die Nivellements von hoher Genauigkeit, The first volume (1923)

covered a part of Hark Bradenburg, the second (1927) ncrthwestern

Germ&ny,_and‘the third (1935) the administrative districts

(Regierungsbezirke) of Dﬁéseldorf, Aachen, Cologne, and Arnsberg,

(See Figures 2 and 3,) A series of booklets entitled Ergebnisse der
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Fe1n61nwagungen,‘started publlcatlon in 1930 and continued until 1939.

One booklet was’ 1ssued for each Reg;erungsbez1rk and the. series covers

all Germany w1th the exceptlon of Bavarla. “The series contains the
most recent publlshed results of 1evc111ng and supersedes all other
publlcatlons on elevatlons. ‘

Since more urgent problems needed attentlon, only a few lines .
around Lubeck and Stettin were leveled, First- and second-order |
leveling in Holstein led to the discovery that the entire region
between'ihe Béitiq Sea é@d the North Sea is slowly rising most
~ perceptibly iﬁ the northwest, Gefmanyiis connected hy lines of level
with the Danish.islands via Fehmarn, and with the Netherlands, Poland,
and Lithuania, in most cases at tho request of these countries.

The most important iévelzs, of 1936, 1937, and 1938 werc in

Thuringia, Anhelt, and the Regierungsbezirke of Hildesheim and Kassl,

which were for the purﬁose cf connecting these regions with the Bavarian
net, The results of leveling were published in pamplilets, one for cach

Regierungsbezirke, In them the results of the 1868-90 levelings are

called "heights in the old system," The results of the old and new
levelings differ very llttle. When the connection is comparatively
completed, Bavaria, whose own surveys are progressing comparétively
rapidly,! will be able to adjust its levels to the new system of the
Reichsamt, The”leveling of ThdringiaJwas also initiatéd‘to connéc£ it
with the level net of Saxony, which had been completed several jears
earlier, Both the Bavarlan and Saxon level nets were con81stent within
themselves,. but lacked any"conncctlon with levellng lines leadlng to ‘

N,N,, the standard datum pplnt.2 "The levellng of 511351a was’ completed'

1. The comparatively rapid progress of the Bavarian leveling is due to
the fact that first-order lines usually follow railroads, vwhereas -
in Pru351a and Wurttemberg the lines follow highways in order to'
secure greatcr stablllty of bench“marksi -

2, N.N.'ls ‘the usual German abbreviation® for Normal Null or normal
zero, the standard datum point, : :
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before the war, but results have been published only for the

Regierungsbezirke Liegnitz.and Oppeln in Upper Silesia, Firste-order

leveling has been completed in the northern half of Wur ttemberg,

Plans for 1938 and 1939 provided for ‘the determination ofléieQQtions
by the Reichsamt in the Regierungsbezirke of Koblenz;.Wiésbadéh, and’r
Trier, the State of Hessen, the Bavarian Palatinate, and the Sa'zir;r,
Territory, and for the continuation of the work in Baden,iSoﬁthé}hu -
Wugttemberg; and Bavaria, In Bavaria, the levei‘neﬁ, even the fi;ét;brder
net, was far from completion at the outbreak of war. ' In Baden; the
levq.:l:‘s s3ill require éome checking, especially in the region of

occasional earthquakes, Only Hessen, Regierungsbezirk Wiesbaden, and

possibly the Saar were completed when plans had to be dropped because of
war, |
Thg Reichsamt flir Landesaufnahme also started leveling along the
Baltic coast., This leveling was scheduled in accord with the decision
\of the E2ltic Geodetic Commission and adjustments were to be made
according.po 2 common plan, Leveling of the entire-ooastgl area by

all of thgrBQltic states was decided upon; and by 1939, Denmark?'Latvia,
aﬁd Lithuania had corpleted their parts and German léveling extended as
far east as Koslin in Pomerania;,4The'OIdﬁleveling betweén Koslin and
K&nigsberg has an accuracy: of.:only 46-8 mm, The riSe'éf'O,lé m,.in thé »
level of the Baltic Sea from Travemiinde near Litbeck to Pillau‘néuf“'
Kdnigsberg noted by the Germans was therefore probably basodvon réading;
of several opon-sea water gages, .

The Reiéhsamt fiir Landesaufnahmo planned to follow first-order
leveling by second-order leveling, 4lthough no definite progrhﬁs had
been prepared for most regicns by 1938, the work was regarded”partiéularly
important since the principal first-order level lines were in some cases

more than 100 km, apart. As a rule, second—orderilevelé'will be run in
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only one diredtibni,”Seconduofder levels are not as accurate as ﬂirst~ ;
order. 1evels ‘but _should: be- sufflcientQVaccuratu for tcchnlcal and R
economic’ purposés. “Some . of : the. larger citles, 1nclud1ng those in the
" Ruhr a:ea;jstégtgd Second-order leveL;ng w;thou;,waxt;ng for the
Reicﬁéamt The 1evellng in the Ruhr reglon was. esp301ally urgent because
of ground settlements caused by mlnlng For thls reason,_the Relchsamt
program,providgd'fpr & -loop of,first¢orderAc1rcu1ts around the Ruhrron

f ;§table;grOUndiand a connepting,secénd—order line passing throﬁgh it.
Levels'in'urban areas werc ﬁo start from these lines, In ad&ition,

many second-order levels along their rights of way have been mgasured‘
by railroads and along ererS by the Landesanstadt fur Gewasserkunde.
All are connected w1th the flrst-order leveling of the Reichsamt fur
Landesaufnahme.

' In 1935, the 1ev§l;net1of the Reichsamt fur Landesvermessung in-
cldded 15,000 accurate elevations, which were connected by 16,000
leveling lines. The number in southern Germany is proéortionately
1arg§:.* In addition to the leveling connections with Lithuania, Poland,
?“hnd:Denmark, which have been»made during recent years, thére are older
”1cdnneétibn$ with all adjoining countries, including not less than 5
from Prussian Silesiayintoxczechdslovakia, several into Belgium and
"France,.and one from Baden into Switzerland. Bavarian levels were
connected at two points with the Prussian levels in the old net and
 at.all crossing points of thq:n;w net, Nothing is_knowhrabout leveling
‘across the Bavarian border, to the south except that Bavaria formerly
based its elevations on the old Austrian sea level datum at Trieste,
Consequently, there must be at least one line from Bavaria into Austria,

The Reich elevatién;rarc referred to N.,N, which is supposed to be
" the same elevation as the Amsterdam sea level datum (4,P,). It is

,actually 16 mm, -above this point and 66 mm. above.the m?anAlevcl of
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the Baltic Seca at Swinemunde. A bench mark (N.H. or Normal-Hochpunkt

1879) was established at the former Astronomical Observatory in Berlin
in 1879 to insure the constancy of N,N., In 1912, it was replaced by
a new bench mark near kilometer 40.7 on the highway from Berlin to
Manschnow (N.H. 1912), which was connected with N.H. 1879 by lines of
precise leveling, 'Thc establishment of N.H. 1912 did not change
N.N,, and all elevations'in Germany are still measured as above N.N,
Since aboﬁt 1930, all of the south German states have completely
revised their separate systems and now refer their elevations.to N.N,
Originally the elevations in southern Germany were based on the mean
level of the Adriatic Sea, as evidenced by older maps still in circula-
tion. Some old Bavarian maps state that elevations on them are about
1 m, higher than they would be if measured from N.N. Recent leveling
however, seems to indicate differences of as much as 2 m, in Bavaria
and 1,74 m, in the Bavarian Palatinate, Until 1910,.Bagen feferred
- its elevations to the floor level of Strassbourg Cathedral, which is
actually 143,730 m, above the mean level of the Adriatic Sea alﬁhough
it had‘b:en erroneously assumed to be 145;752 m, Wurttembérg referred
its net to an elevation of 272.5 m. above N.N. which seems tb have been
derived from the Baden level and, therefore, shares its error, Both
the Baden and Wurttemberg reference levels were eépecially unsatis-
factory because large parts of both states lie at léVéls‘lowef than
their reference points, Oﬁl}vthe Hessian maﬁs‘refér to the mean level
of the Baltic Sea,.which is not the same as N.N, The accuracy of
elevations in Hessen, varies from 0,10 to 0,15 m.
The unification of the clevations within Germany'also correlates
them with points in most of the neighboring countries. Only Belgiﬁm
has widely different clevations, because they are measured above mean

low tide at Ostende, which.is 2,34 m, below the German N.N. Other
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international differences are’ given below,t

Belgium - . . s =2,3hkm, . Elevations above mean
' low tide at Ostende.

"'Netherlands fb.01 m, Due to slight inaccuracy

- : o . . by deriving the German
NuN. from the Amsterdam
‘sea level’ datum (4. P, )

France .. v  %0.26 m.  Mean level of the
- : Méditerranean\Sea at
P , : - e _ Marsgilles.
Switzerland = 40,307 m, The newer maps show

glevations 3,26 m, lower
- e R . than the older maps,"

Austria | - o :  %0;36 m, Mean seca level on the

' ) ' Adriatic Sea at Trieste,
Czechoslovakia - £0.36 m, Same as Austria,

Poland ' 0.0 ~0,06 m, Derived from the Amsterdam

sea level datum via the
German N, N, Elevations
e o theorctlcally equal,

Lithuania: . :. e, - =024 'm, Referred. to sea level
. . © datum at Kronstadt near
‘Leningrad, ’
Denmark S 40,245 m.

»On nautlcal charts, ulevatlons near the coast are referred to mean

hlgh water, and therefore have no common reference level,

1. Plus sign (#) indicates that datum point is higher than N.N.;
- and minug sign (-) lower, _ -
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VI. HYDROGRAPHIC RIFER.NCE DATUM

Thé German navy (Oberkommando der Kriegsmarine) had its own
"nautical'division,ccharged with ali matters pertaining to surveying
and mapping. Though the coastal features were taken from topegraphic
maps, the navy was equipped te do its own surveying in order to keep
correct the continuously shifting features of the ccast line, Likewise,
hydrographic surveying was continuous in order to keep the depths on the
nautical charts correct, In general, the navy was able to keep the data
reasonably up-to-datc., Unlike the triangulation and leveling nets the
depth measurcments along the German coasts never became so out-of-date
that new systematic soundings throughout whole areas became necessary.
The hydrography in the German parts of the North Sea and the Baltic Sea
seems to be satisfactory throughout, A service was maintained through
private firms that cnabled ships to obtain revised charts at every port
of call,

The plane cf reference in the North Sea is mean low water; in the
Baltic Sea it is mean sea lovel.

The Mercator projection is used for nautical charts,

VII. NMAGNETIC NCRTH

Since 1930, most German maps have carried some information on
magnetic declination., The newer maps, however, instead of showing
the deelination (Missweisung) from true north, show the deviation

from the straight lines of the Gauss-Kriiger grid (Nadelabweichung),

On Reichsamt maps the deviaticn is shown in the margin, and on the
maps of the south German states additicnal numerical information is
given., The magnetic declination is westerly throughout most of Germany,
and it is decreasing by 0,2° yearly. Only in parts of Rast Prussia

is the declination easterly, Formerly, German maps gave the declination
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i

for April 1925 in order that computations could be made-on a uniform

basis, The accumulated‘déviations, however, had becore so large that
a new basis was adopted as of the middle of 1936, On mére recent, air'
force maps the basis for calculation of the declination may be either

1938, 1940, or 1942,
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THE PRINCIPAL TRIANGULATION NETS OF GREATER GERMANY -- 1944
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1920 - 1930
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Hauptdreleckanetz 13341988

1931 ~1936
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MHauptdrelecksnetz
Lemberger
- Faptdrelecksnstz

A 1934 - 1957

Legend
the boundaries between the triangulation nets.
Light lines: sides of the principal triangles.
Daghed lines: proposed nets.
Empty areas outlined in the East: triangulation nets of the
Polish survey, adjusted provisionally to the German net.
Pigures: the years when firet order triangulation was surveysd.
Hauptdreieckenetz or H Dr N.: first order triangulation net.
Hauptdreliecksketie or H Dr K.: first order triangulation chain.
Verbindungskette: connecting triangulation chain.
Anschlus: connecting grid with a foreign country (the name of the
neighboring country always indicated).
Unge¥. Kasstab: approximate scale.
Fr.: formerly.

Heavy lines:

The names and years of tha triangulation nets and chains which are

wnderiined; are considered of sufficient accuracy to be a basic

block to which swrrounding triangulation nets should be adjusted.
\

L

1

Ll =

Ungef. MaBstab 1:4000000
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RESTRICITD .

APFENDIX B
TRIANGULATION NETS OF GREATER GERMANY

Tho appended Gorman map, dated 19k, shbwi% triéngulation
completed during the cerly years of the ﬁar hag become avail:able
elnce the completion of tho forsgoing report. Since pracficqlly
all of the new triangulation was for occupled arcag, the mep adds
little new data for Germeny propeﬂr.-‘ It &oee, deev_er, confi:fxn the
deduction drawm from other sources that Gefman triéonometﬂcﬁl ace
tivity came to & standsﬁll aft-e:"' l9hI » due epparently to the

drain of trained personacl into tho ermy .
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